The I region of the murine major histocompatibility complex (MHC) encodes polymorphic cell surface molecules that are involved in lymphocyte interactions (1, 2) . The I region has been divided by analysis of recombinant inbred mice into five subregions arranged in the order I-A, I-B, I-J, I-E, I-C (3). The I-A and I-E subregions code for class II molecules or Ia antigens, which are found predominantly on the surfaces of B cells and macrophages (4, 5) . These molecules are composed of two polypeptides, an a chain of approximately 32 ,000 daltons and a ( chain of approximately 28 ,000 daltons (6) . To elicit an immune response, some T lymphocytes, mostly helper T cells, must recognize syngeneic class II molecules in addition to the stimulating antigen (7, 8) . The other subregions, I-B, I-J, and I-C, are less well characterized. For example, while the I-B subregion may affect the level of the immune response to certain antigens, it does not encode serologically detectable molecules and its existence is controversial (9, 10) . On the other hand, numerous alloantisera and monoclonal antibodies have been raised against lymphocytes from strains that differ only in the I-j subregion (11) (12) (13) (14) . The antigens recognized by these antibodies have a unique distribution; they are found predominantly on the surface of suppressor T cells and on soluble factors with suppressive activity secreted by these cells (11) (12) (13) (14) (15) (16) . In addition, I-J-positive subsets of helper T lymphocytes (17) and macrophages (18) have been detected. Interest in the I-J subregion and its gene products has been heightened by two findings. First, I-J-encoded molecules are associated with or are actually part of the antigen-binding polypeptides made by suppressor T cells (19) (20) (21) . Thus, a biochemical characterization of I-J molecules may help to define the T-cell antigen receptor.
Second, in some cases I-J-encoded molecules appear to regulate interactions between T lymphocytes (22) .
There are several reports indicating that the I-J determinant is present on proteins with a molecular mass of approximately 25,000 daltons (20, 21, 23) . In addition, because the I-J serological determinant can be found on proteins translated in vitro by a rabbit reticulocyte lysate, the antigenic determinant is presumed to be a polypeptide rather than a carbohydrate structure (23) . Little more is known, however, about the structure of I-J-encoded molecules.
Recently, a 2.0-kilobase (kb) DNA sequence has been defined that should contain the gene(s) encoding the I-J serological determinant (24, 25) . Using two human cDNA probes specific for DR. and DCq, we have isolated 200 kb of contiguous I region sequence from BALB/c mouse (H-2d) DNA. The coding sequences for the Ep3 chain from the I-A subregion and the Ea chain from the I-E subregion were found to be separated by only 33 kb of DNA (24) . Next, to define more precisely the boundaries of the I-A and I-E subregions, we identified polymorphic restriction enzyme sites in the I region and tested genomic DNA from parental and I-region recombinant strains for the presence of these polymorphic sites (24, 25) . This analysis permitted us to correlate the genetic map of the I region with the molecular map of the cosmid cluster. We discovered that the boundaries of the I-A and I-E subregions, which define I-J, are less than 2.0 kb apart (see Fig. 1 ).11 The distance separating these subregions might be smaller than 2.0 kb, but no polymorphic restriction enzyme sites have been found to permit characterization of this segment of DNA. There are two reasons why this region seems too small to encode the I-J polypeptides. First, the 2.0-kb sequence is actually contained within the E,3 gene and includes part of the intron between the first ((31) and second ( (32) (Fig. 1 ).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Fig. 1 ). Second, distinct I-f-encoded specificities have been detected on different T-cell subpopulations or cloned T cells, suggesting that the I-f subregion could in fact contain several genes (26) (27) (28) . To resolve this problem, we have proposed several models for the location and expression of the I-J gene(s) (24) . The models are summarized below. In this paper, we report experiments that exclude models 1 a-d, which propose that the I-f gene is located between the I-A and I-E subregions. The remaining models (2 a-c), which propose that the I-J coding sequence is located elsewhere, are considered in the Discussion.
MATERIALS AND METHODS
RNA and Southern Blots. Blot hybridization experiments were carried out as described (29, 30) . To reduce background caused by the hybridization of repeat nucleotide sequences in the probes, both the prehybridization and hybridization solutions contained denatured BALB/c liver DNA at 25 ,ug/ml. The filters were washed with 15 mM NaCl/1.5 mM sodium citrate/0. 1% NaDodSO4 at 68%C and exposed to Kodak XAR-5 film in the presence of an intensifying screen for 4 days.
Hybridization Probes. Hybridization probes derived from the I region included the sequences diagrammed in Fig. 1 8.4 , which were subcloned into pBR325 by standard methods (31, 32) . Probe 3, a 2-kb EcoRI restriction fragment derived from cosmid 24.2, and probe 4, a 500-base-pair Sau3A fragment purified from cosmid 39.1, have been described (24) . pH-21Ia is a 688-base-pair Pst I/Pvu II subclone from a cDNA clone encoding an H-2d transplantation antigen (33) .
RESULTS

Transcripts Homologous to the Presumed 1-J Subregion Are
Not Detectable in Suppressor T Cells. To identify I-J transcripts, we analyzed 13 suppressor T-cell hybridomas for the presence of RNA molecules that hybridize to cloned DNA probes containing the putative I-f subregion. Some properties of these suppressor cells (nos. 1-13) are summarized in Table 1 . All of the hybridomas were tested with anti-I-J alloantisera, anti-I-J monoclonal antibodies, or both (refs. 14, 27, 34-36; unpublished data). In each of 13 cases tested, the cells produced an I-J-positive suppressor factor. Furthermore, eight out of eight hybridomas tested were positive for cell-surface I-J determinants. Because extensive sequence polymorphism might greatly reduce hybridization of probes derived from the H-2d haplotype to transcripts derived from other strains, we tested one hybridoma generated from a fusion with BALB/c lympho- by the tumor parent. tAntigen-binding specificities of T-hybridoma suppressor factors. GA is a synthetic poly(Glu6OAla"4); GAT is poly(Glu6MAla30Tyr'0); GT is poly(Glu~Tyr50); NP is 4-hydroxy-3-nitrophenyl acetyl. In all cases, the immunogen is listed first followed by any other known specificities. I-J specificities found on the suppressor T-cell hybridomas or on their secreted factors.
cytes, the same inbred strain from which the cosmid clone bank had been prepared. Blots of poly(A)+ RNA from each of the T cells were hybridized with a mixture of 32P-labeled subclones 8.48 and 8.47 (Fig. 1) , which together contain the Ep gene and all of the DNA between the I-A and I-E subregions. As shown in a set of characteristic blots that were hybridized in parallel (Fig. 2) , there was no evidence of a transcript homologous to the probe in any of the suppressor T-cell RNA that we analyzed. Each of the RNA preparations was tested independently on at least two blots ( Fig. 2; unpublished data) . Since MHCencoded transplantation antigens are expressed by most cell types, rehybridization of the same RNA blots with pH-211a, a probe encoding an H-2d transplantation antigen, provided a positive control for the presence of intact RNA. Although the hybridomas transcribe various amounts of RNA homologous to this probe, a distinct 1.9-kb band was detected in each case (unpublished data). To determine the detection limit of the RNA blots, additional control hybridizations were carried out using subclones 8 gested with one of several restriction enzymes, and the digests were hybridized with probe 3, probe 4, or a mixture of subclones 8.47 and 8.48 (Fig. 1) . When the hybridization pattern obtained from the T-cell hybridomas was compared with that of liver DNA of the appropriate MHC haplotype, no DNA rearrangements were observed on any of these Southern blots.
From the I-region restriction map of the liver DNA (24), we concluded that in each case the restriction fragment(s) detected should include the entire sequence between the I-A and I-E subregions. Fig. 3 shows some cases in which the enzyme digest allowed us to distinguish between those restriction fragments derived from the normal T-cell parent and those from the BW5147 fusion partner. 
DISCUSSION
Using a series of cosmids, it was previously determined that the boundaries of the I-A and I-E subregions are separated by only 2.0 kb of DNA (24, 25) . This analysis confines the serologically assigned l-J subregion to a relatively short sequence that is actually located within the En gene (Fig. 1) (24, 25) . Finally, we have obtained cosmid DNA clones from the AKR inbred strain, which has a MHC haplotype (H2k) different from BALB/c. In this strain, the En and E,,, genes are also separated by approximately 33 kb (unpublished data). We have found no evidence for an I-J coding sequence located between the I-A and I-E subregions. If some I-J exons were present between the I-A and I-E subregions, there could be two reasons for failing to detect them. (i) When cloned suppressor hybridomas are grown in vitro, the I-J serologic spec- ificities can often be detected on only a fraction of the cells (26, 27 (Fig. 3 and unpublished data (43) .
Our experiments indicate that I-J exons are not likely to be present between the boundaries of the I-A and I-E subregions. While none of the three alternative models for the location of the I-J gene is entirely satisfactory, the possibility of a high frequency of multiple crossovers leading to an incorrect map order for the subregions of the I-region is -most attractive, because this hypothesis requires the fewest ad hoc assumptions and special mechanisms to account for the reported data. We have cloned the recombination point between the I-A and.I-E subregions in several I-region recombinant strains (25 
